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1E30 cup cleaning was done at EG&G Mound using a variety of cleaning agents, including 
Freon TF (i.e., FC-113). Freon TF is no longer allowed as due to environmental issues and a 
substitute was sought complex-wide in the mid 1990s. Three cleaning agents were evaluated 
by Sandia National Laboratories (SNL) and found to be acceptable substitutes for cleaning 
1100 aluminum alloy cups. One (Brulin 815D) was determined to be compatible with PETN 
by Sandia National Laboratories (SNL) based on tests with RR5K PETN. Brulin 815D has 
been approved for use in cleaning 1E30 cups (9Y121234) dedicated to PETN-based 
detonators. Compatibility work was planned but not completed for HMX. 

2.0 DISCUSSION 

Much work has been done over time to find suitable replacements for the Mound use of Freon 
TF. The most definitive is a 1994 SNL report, MC2990A Detonator Alternate Cleaning 
Evaluation (Appendix A). Brulin 815GC, Inproclean 1300, and Dirlum 603 were all evaluated 
and each alternative was superior to Freon TF. SNL planned to evaluate HMX compatibility 
with Brulin 815D but the work was not completed. 

A PETN compatibility study (Appendix B) was done to examine the same cleaning 
alternatives. None were found to affect PETN based on decomposition exotherms, or other 
measures. 

Table 1 documents key steps of the Mound process (1-12779). Table 2 documents key steps 
of the Los Alamos National Laboratory (LANL) approach used on the 1E33 PPI and EE lots. 
Key differences are 1) elimination of Freon TF and an acetone rinse. In addition, the LANL 
approach adds a 190-proof ethanol rinse after nitric acid passivation. Non-denatured, 
190-proof ethanol is compatible with PETN and has been used for decades at Mound with 
this product. 

ll"-11"1 11. ~~u:u::n 
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Table 1. Key steps of the EG&G Mound cleaning process 
EG&G Mound 

1·12779 

•n ultrasonic. Cieaner 

The 1 E3 0 cup cleaning fixture and basket (146Y 631262) were developed early on in the 
1E33 PPI-2 lot. The cup basket (made from commercially available polyethylene material) 
was the best alternative examined (among many) in terms of causing the least surface 
damage to this rather soft aluminum. Other systems had persistent and extensive problems 
with ultrasonic burning. 

A perennial question is "How clean is clean?" One reference considered in early 1E33 lots 
was a 5112/86 memo from Rockwell (Appendix C, Cleaning Specifications for Beryllium) 
that established a <0.5 )..lg/cm2 maximum residue level for various contaminants on beryllium. 
Quantitative standards for cleanliness were not established for early 1E33 lots but further 
work has been conducted by LANL since that time. 
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Table 2. Key steps of the LANL cleaning process 

LANL DX·1 
146Y631258, A 

S1'1:J• 
NO. OBJECTIVE SOLUTION ~c RE.P. 

1 Clean Bru n 815CD. 10·.-• by volume to 90 % 180 1 
de ion zed 'o\'a l er. C ean at 52C fo r 3 mm ute 

ul trasonic cyd e . 

2 RinSB Deionized water 10-15 1 

3 Pass. val O'l 65-75 Assay ACS G•ade 50-73 1 

200.- H~O. to 200 de •O'l •Zed ~ 

4 RinSB Deionized water 60-90 1 

6 Dry u p trogen to dry 1 

7 l- and ng 1\y on or C-e nn ~ poed ~.,...iHlzers 

1'a lc -fHHl alex g oves. 
8 Pacl:.a '19 Cleaned l-and ng ~ra~ 

l :lent f abe conta ners. 
9 c ~e siona 100'':. d mensoona a 1d v s.~a nsoec t on 

lnsoec t per MD-35076 
10 Post C rean ng 1\one 

Chern ca Ana. 
11 Storage C eaned 1-andlmg 1'ray & Cover 
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The Mound cleaning approach did require post-cleaning infrared spectroscopy of a random 
sample of cleaned cups to verify cleanliness, an excellent practice. The 1E30 cup interior is 
in intimate contact with high explosive powders over very long periods (i.e., decades) and 
cleanliness is essential. 

3.0 CONCLUSIONS 

There is evidence to support use of Brulin 815D as a cleaning substitute for Freon TF in 
1E30 (1100 aluminum) cups. There is evidence to support compatibility ofBrulin 815D with 
PETN. There is no direct evidence of HMX compatibility with Brulin 815D and no direct 
post-cleaning evidence to verify the cleaning efficacy. For both PETN and HMX, direct post
cleaning verification is potentially very valuable. 

11~11"'1 1\~~u:::u:::n 
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Sandia National Laboratories 

c! e: April l7, 995 

D. E. Hoke. Dept. 2651. S 0326 

T. M. Musis .and R. T. Patton. Dep . 2651, MS 0329 

Compati · "ry ofPETN and Aquco s AJb.Hne Clea.nin Agents 

Compau i ·ty studies ofPETN with va.riouuqucouulkaline c ... agents ha e been 
completed for porenrial se in your detonaror applications. The following aq kalino 
cleaning ag.ent were evaluated (Table l). Samples were obtained from E. P. l..opet, 
Depart men 1 8 IS. The PETN used in these studies was Mound production R.RSK powder. 

Table l 

I. Inpro Clean 1300 (tO"A ·n Dl water) 
2. Brulin 81500 (tO"A in Dt water) 
l . Dir L·Lu 603 (28 amslliter in DI water) 

Table 2 r lhe analyti testing proud res used to perfonn t esc compatibility studies. 

Table 2 

1. Differential Scanning Calorimetry (OSC) 
2. Accelerating lllte Calorimetry (ARC) 
3. Cbemieal Reactivity Tat (Clln 

DUTercntlal Sc:annlnc Calorimetry (DSC) 

The DSC lhetmal analysis procedure involved mixiQg equal quantities ofPETN with one of 
the aqueous alkaline deaning agents and placing it · a gold sample pan which was then 
sealed. Gold was used becau~ oft possible rcaeti'rity of the hi pH ~etnin qent with 
tlumin"Um mnplc pans t~t are no ··y used. ·the samples were then dynamiuUy heated at 
a rate of to•C/minute in a TA Instruments ModelllOO thermal ysis system until the 
reactio-n OJ decomposition exotbenn was comple~ed. These data ere theJfcompareCf to 
similar DSC data for indiVidual samples of the aqueous cleaning Jaent md RRSK PETN. 
Shifts ift the transitio~ primarily the deoompositio uotherm or the PETN, were noted. 

Inform tton Only 

l Jn~l;:uua ifiorl 
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Ap ·111. 199~ 

For the mixtures oft.he aqueous alk ine cleaning agen sand PETN, no shifts in t e mixture 
exo erms w en comp, ed to t e individual ma.terials were measured. The diab ic 
dccompos"tio exotherm in ensity for the mi res w s suppreued tonsiderlbly w en 
compared to PETN by itself. ote hat the aqueous alkaline cleaners did not exothenn 
appreci yo ·er the te pe aturc range teste -Joo•c. 

By the ARC procedure:, these aqueous aline cleartin agents are cons"dered compau le 
with PETN. 

Chemical Ructi ty Test (C T) 

The Chemical Reactivity Test (CRl) procedure involves aging equal quantities of the _ 
cl · ft$ agent in question and PETN in a valved. stli eu stee eomainer at an isothemW 
temperature of 1<fC for a seven day time period Sep rate individual samples of the cleanin& 
age& and PETN are similarly aged. After aging. the CRT con&ainer is attached to a gas 
~hromatograph; valves ope ed and the gaseous contents. including any evolved pse.t. 
sw t onto the gu chroma ognph cotumn for separ f on d analysis. The evolved s d e 
from the mbaures in questioi\ are compared to evolved gases from t&e individual samples an 
an evtlU41iol"' of compatibility de 

Criteria for reaction or pote:nti incompatibility are an inaease in total gas volume of 3-S 
times of the mixture compared to the sum of th.e individual materials arul an evol ed 
volume of the mi ure p ter than 100 microtitm after the individual vo umes ha e bee1 

subtracted. Typical evolved pses that ate used for compatibili y criteria include oxygen, 
nitrogen, nitrous oxide. nitric oxide. carbon d"o de and carbon monoxide, arer is a.nalyz;e• 
for W'ormation purposes only because of acbotbed moisture on the stainless steel aging 
fixture that can never be totally removed prior to loading. ote.. that for these aq eous 
a.JJca.line cleaning ents. large quantities of water were evolved since they ere ater based 
and the samp cs SO/SO (PETN/cleanin agen) eighin milligrams each. Other 
gases, suc:h as organics and sulfiJr containing gases. can also be analyzed if present. 

For the three aqueous alkaline cleaning ents te cd with PETN, no inct\mp tib "ty y tb 
CRT method wu found. The total &as vol mes was nearly uro "W~~ith a ratio of one for gas 
the volumes of evolved gues compared to the individual mat 'als No reaCtion e.se sucll 
u nitrous oxide or nitric o~ide, from th PETN ere meiS\Ircd. 

Conclusion 

No compatibi ity prob ems with PETN and the thtee aqueous cleaning agents listed in 
Table l wer found W'ith e DSC, ARC and CRT analytkaJ proc ures used. They can 
co 'dtted eocnp ible With PETN. There was no advancage of one cleaning agent o er e 
others in regard to compuibility. AJl three gave similar results. 

11~11"'1 A ~~n:n::n 
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Aprill7, 199S 

Lo g term tests are Still being planned t will n.oc stMt until the move to the new Explosives 
Components Facility (ECF) is completed. Do not e pecc the ong term eomp -. ilit testing 
to att efore A s s , 1 5. 

A comprehe s ve re n will be written once the CR. data are compte ed or the thr-ee 
clCJ.nin .igencs 'n T re I an the ·exp o iv s HNS, HNAB· and 0< These tests ·n be 
completed prior to the ECP move whic is scheduled to $U11 'n early by, 99S 

Di tributio · 
MS-0368E P. Lopez(Dept. l81S) 
MS-0326 T. M. Witt (Dept 2653) 
MS-0329 J. E. Harlan (Dept 26S2) 
MS•0329 T. M. M.usis (Dept 2652) 
MS-()329 R. T. Patton (Dept. 2652) 
MS-0637 G. E. D (Dep 12336) 
MS..()J29 D y file (Dept. 26S2) 
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APPENDIX C 

.: .J. L. lrl991 
Ch Prt< Sya Oev 
'BuUdi~ 811 
'4tU 

-.ot· 'tUAIUMG SKtlFICAtiCIU fOil auVLLllM 

AqutoVs dttargt•t eleani"9 ~~~ betft loytd at .. ckY Flats Plant for U 
,years and hu provided ••ce1ltnt fin4l cluttnt results fw btry1Uu. WR 
parts. At your request. a su.aary of t~t cleanltAtss spectftcattOfts for 
surface restd s has bttn prepart4 for qualifying prospective offsttt 
btrylliua contractors. 

T•e standard aqueous detergent u1trateatc c1tantng procesa for btt111tu. 
Vl parts ts spectfitd by lock~ Flats dOcu.tnt M·JOstZ and conststs ~rtefty 
of Ult folla.tng: 

1. Ultras~tc clean 1n t vol 1 Oaktte MST detergent for 5 atnutes at 
50 t 5 c. 

2. ftrst rt111t tn cascadiQt Jttontztd wattr for 5 atnutta atnt- at 
aabtent te.perature. 

S. Second rtnst tn ca&cadtnt detontztd ~attr for 5 ainvtes atot~ at 
&llbttftt te.aperature . 

4. Want air dry for a •fnteum of 5 •1nutts . 

Tht detoniztd rtnst water a.d detergtftt aakt·up ~ater aust coftfora to 
unt Type tV sl&ndard JH~rtty spectftcattons. Mol- altawablt nstdue 
levels spectfttd for ftftal cleaned btryllh• parts are su.artztd 1n 
Table I. 

The aui- aceept&nC41 for coatuataattd saarfut rts1duts t• Tablt I 
wre ••tuHshtd .bJ ~tltnt reatciUt 4at• (raa n.erou• ,_., 
dtter.-t cluntng studtes. A statistical enlllatton vas tlt• ptrfof'Md 
that provtdtd tht upper lt•tt rest4 levels tn Tabla I for cltanltftess 
studards 1} at Rocii\Y nau Plant. 

11"-11"'1 A~~u:u:n 
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Maxt.u. S1rface Residue Levels for ftnal tle&atd llrJ11t Part~ll) 
.• .. -

Haxt Rest due :::l~tnl Rt$idut Type 111liD1 .. ,1('111&. 
• 

Nitrate t NO]·) <3.0 <o.!f Joa Chroutognphy 

Cblorlde (Cl. ) <3.0 (.O .T lo QI"'OIatogrJphy 

Sulfate ($04 -2) d.O tO . ~ Jon Clarcutogra~ 

Phosphate (P04·3) <3.0 <a.5 lon C routognphy 

Fluortde {Fl-) <3.0 (0 .'$" lon Chl"GGIItography 

Hydro<: arbon (_C ·K) <U.O <::a.~ Infrared Spectroscopy 

Cattons (Metal el ... nts, <3.0 £~.5 lon C~ltd Plasma 
e.g. Ft. S1, Na) Spect1"0Stopy 

(a) Res idue deter inatlofts by analytical rinses. 

Offstte vendor cleaning f&ct11t1es aust bl approved by Rockwt11 
latentattonal , C:h teal Proeess SysttM DtvelopMnt group at the vendor 

~ ~·:ity . 
~;?.~ 

J. L Br iggs 
thtllit.a\ Process Syst•s Otnlo nt 

ce: 
f. 8. Biker 
8. 1 . Cross 
T. l. Rht~ 
lRF (Record) ~ 

REFEBEHCE 

o. A. Greer, Stat tst1cal App tcat tons, •Residue Anal1s ts• Rockwel 
lnternaHoul, Rocky flats Plant, August 16, 1984. 
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